Existing empirical information about the physical conditions in the solar wind acceleration region beyond a few tenths R 0 above the solar surface is extremely limited. We discuss plasma diagnostics that can be implemented through coronagraphic measurements of ultraviolet coronal lines from ions such as N v, O vi, Ne vm, Mg x, and Si xn. We illustrate how profiles and intensities of the collisionally excited and resonantly scattered components of these spectral lines can be used to probe the physical conditions (temperatures, densities, mass flow velocities, and chemical abundances) in the solar wind acceleration region out to 4-8 R 0 fr°m Sun center and beyond.
I. INTRODUCTION
The advent of new coronagraphic techniques that make possible high-resolution ultraviolet spectroscopy out to large distances in the solar corona (Kohl, Reeves, and Kirkham 1978; Kohl et al 1981) is opening up new vistas in solar physics by making available a wide range of plasma diagnostic techniques that can greatly expand empirically derived information about temperatures, densities, mass flow velocities, and chemical abundances in the solar wind acceleration region. Empirically derived knowledge of the physical conditions in this region (beyond a radius r ~ 1.3 R 0 ) has been extremely limited, and, hence, the processes for energy and momentum deposition operating in this region as well as the mechanisms for energy and momentum transport (other than radiation and thermal conduction) have not been identified. Identification of these mechanisms in the Sun will help make possible development of realistic physical models for the stellar wind acceleration in late-type stars. Improved coronal diagnostics are also required to establish the role of different types of coronal structures (other than equatorial coronal holes which have been identified as a source of recurrent high-speed solar wind streams) in the production of the solar wind. Improved knowledge of the physical conditions in the solar wind acceleration region may also lead to a better understanding of interactions between magnetic fields and lowdensity flowing plasmas, both for steady-state flow and transients.
Existing empirical knowledge of the physical conditions beyond a few tenths R 0 above the solar surface (r > 1.3 R 0 ) consists primarily of electron densities and geometries of coronal structures determined from broadband white light observations and some information on magnetic field directions derived from polarization measurements of forbidden emission lines. Empirical information on temperatures and solar wind flow velocities has been much more restricted, being limited primarily to temperatures derived from eclipse measurements made at relatively low heights (r <2 R Q ) of spectral-line widths for highly ionized atoms of heavy elements (e.g., Liebenberg, Bessey, and Watson 1975) and determinations of solar wind flow velocities from radio scintillation measurements. Radio scintillation measurements of flow velocities are limited to positions of suitable radio sources (e.g., spacecraft such as Viking, see Tyler et ai 1981) and, hence, can only provide information at a single point in the corona at a given time.
Recently new information has started to become available as a result of the development of new coronagraphic instrumentation using reflecting optics. Measurements of resonantly scattered H i Lya radiation have resulted in determinations of hydrogen kinetic temperatures out to 4 R 0 in a few coronal regions observed using a rocket instrument (Kohl et al 1980; Withbroe et al 1982b) . The formation of this line and its use as a spectroscopic probe of the corona has been discussed by Gabriel (1971) , Beckers and Chipman (1974) , and Withbroe et al (1982a, hereafter WKWM) . The latter paper also discusses the electronscattered component of H i Lya and describes how measurements of the intensities and profiles of the electron and resonantly scattered components of coronal Lya radiation can be used to derive electron and proton temperatures and velocity distributions, electron and neutral hydrogen densities, and solar wind velocities in the range of 100-300 km s'
1 . Additional diagnostics are required to determine smaller velocities and to describe the behavior of heavier particle species. In the present paper we consider the possibilities for probing physical conditions in the solar corona with strong EUV resonance lines from ions such as N v, O vi, Ne vm, Mg x, and Si xn.
The development of multiple spectroscopic diagnostic techniques is required for detailed probing of the solar wind acceleration region. In this region each particle species must be assumed to have its own characteristic kinetic and ionization temperatures and every element its own fractional departure from standard solar abundances. For example, theoretical two fluid models indicate that the electron and proton temperature gradients can differ by large factors beyond r ^ 1.5 R 0 (Hartle and Sturrock 1968; Nerney and Barnes 1977; Hollweg 1978 and references therein). Because particles of different mass or charge-to-mass can be affected differently by energy transport and dissipation mechanisms, measurements of the similarities or differences between the kinetic temperatures of different types of particles can place important constraints on the allowable mechanisms. We discuss below prospects for measuring kinetic temperatures and other parameters using spectral lines falling in the EUV spectral region accessible with coronagraphic instrumentation employing normal incidence reflecting optics.
II. SPECTRAL-LINE FORMATION
Under coronal conditions, the local emission E (photon cm -3 s -1 sr -1 ) of an optically thin line from a two-level atom is given by E = ^i y N e C 12 +4nhvB 12 J^ = E c + E r ,
where is the number density in the ground level, C 12 is the collisional excitation rate coefficient, h is Planck's constant, B 12 is the Einstein absorption coefficient, E c is the collisional component of £, and E r is the radiatively excited (or resonantly scattered) component. We ignore here the much weaker, by several orders of magnitude (see WKWM), electron-scattered component. An approximate expression for the mean intensity J is
where J v is the mean intensity of the exciting radiation (from the solar disk), (j) is the normalized absorption profile, and v w = v 0 VJc is the Doppler shift introduced by the solar wind velocity V w . Appendix A gives a more precise theoretical expression for the resonantly scattered component of spectral-line radiation. We have used here the approximate form given above for simplicity in the presentation. Except for the curves given in Figure 1 , all of the calculations discussed below were performed using the precise formulation given in Appendix A. For a stationary plasma one can easily show (Mariska 1977) where g is the effective Gaunt factor, and X\i the excitation energy in volts for the spectral line. The intensity measured at a distance p from Sun center is given by (4) where x is the distance along the observer's line of sight, and p is the distance from Sun center to the point where the observer's line of sight intersects the plane of the solar disk.
For many strong coronal lines in the ultraviolet, the relative intensities of the collisionally and radiatively excited components can be determined empirically. These lines are from the lithium and sodium isoelectronic sequences which produce a pair of resonance linçs (e g., O vi A1032, >11037; Ne vm ¿770, ¿780; Mg x ¿610, ¿625; Si xii ¿499, ¿521; Fe xvi ¿335, ¿361). The collisionally excited component of these lines is proportional to the ratio of the collision strengths or 2:1. The disk (or low coronal) radiation that provides the radiative excitation is due to collisional excitation and thus has a 2:1 ratio. Hence, the radiatively excited component, which is proportional to the ratio of the collision strengths times the ratio of the intensities of the disk radiation at each wavelength, has a 4:1 ratio. Thus, for example, by measuring the ratio of ¿1032/¿1037 one can determine the fraction of O vi ¿1032 (and ¿1037) that is collisionally excited and the fraction that is radiatively excited. If the observed ratio is 4:1, radiative excitation dominates, and if the ratio is 2:1, collisional excitation dominates, while intermediate values determine the mixture of radiative and collisional excitation. In practice the radiative components may have a slightly different ratio than 4:1 due to the effects of radiative excitation by spectral lines with nearly the same wavelength as one or the other of the pair of lines (e.g., O iv ¿625 can radiatively excite Mg x ¿625). However, if one measures the disk spectrum, this effect can be included. Figure 1 presents intensities predicted for the collisionally excited and radiatively excited (or resonantly scattered) components of the lines H i ¿1216 (Lya), N v ¿1238, O vi ¿1032, Ne vm ¿770, and Mg x ¿610. Another strong EUV coronal line is Si xn ¿499 whose predicted intensities are comparable to those of the Mg x line. The intensities given in Figure 1 are based on the maximum equatorial model given by Allen (1963) and the corresponding intensities of the white light continuum (K component). For a static isothermal corona, the radiative component of the spectral-line radiation will fall off in nearly the same fashion as the intensity of the electron-scattered white light corona (except for secondary effects introduced by differences in the limb darkening or limb brightening of the continuum and line radiation from the disk). The absolute scale of the hydrogen Lya line intensities is based on measurements reported by Gabriel ei a/. (1971) and by Kohl et al (1980) for p < 3.5 R q . The N v, O vi, Ne vm, Mg x, and Si xii intensities are based on typical measurements at p < 1.2 Rq by the Harvard experiments on OSO 4 and Skylab (see Withbroe 1971; Mariska and Withbroe 1978; Vernazza and Reeves 1978) .
The assumption that the intensities of the resonantly scattered component of these spectral lines fall off with height in the same fashion as the intensity of the K corona is valid only if (1) NJNg is independent of height, (2) the spectral-line width is the same at all heights, and (3) there are no effects due to solar wind flows. The ratio Ni/N e will be constant only if the abundance of the parent chemical element is independent of height and the corona is either isothermal or the ionization state is "frozen in." For the heavier ions, such as O vi and Mg x, the ionization state may be "frozen in" within several R 0 (see Bame et al. 1974) , while the H i ionization does not freeze in until about 10 R 0 (see Holzer 1977) . Since one or more of the above assumptions could be invalid, the intensities given in Figure 1 should be regarded as estimates. We discuss below how EUV observations can be used to test these assumptions.
III. INSTRUMENTAL CONSIDERATIONS
Instrumentation designed for observing coronal resonance lines at large distances (r> 1.5 R 0 ) above the limb must provide adequate stray light suppression to avoid contamination of the observed coronal emission by radiation from the disk and lower corona. Comparison of the intensities in Figure 1 with typical disk intensities indicates that a stray light rejection of 10" 5 at the wavelengths of interest is highly desirable at r ^ 1.5 R 0 > with more severe restrictions at greater heights. Hence, coronagraphic instruments are needed for probing this region of the corona. Suppression of off-band photospheric radiation from the visible and near-UV is extremely critical because of its large intensity. The necessary suppression of on-band and off-band radiation has been demonstrated at A1216 by a rocket UV coronagraph which uses an externally and internally occulted telescope together with a scanning spectrometer and solar blind photoelectric detector (Kohl et al. 1980) .
A UV coronagraph utilizing an f/8 spectrograph and a normal incidence telescope located 2.5 m behind an external occulter should be suitable for measurements of EUV coronal-line emission out to many solar radii (see Kohl ei al. 1978 Kohl ei al. , 1980 Kohl ei al. , 1981 . For example, integrated intensities of 10 7 photon cm" 2 s" 1 sr" 1 for spectral lines between 500 and 1700 Â could be measured with spatial resolutions of a few arcminutes and good statistical accuracy (a few percent) in about 10 3 s, a reasonable time for an orbiting experiment. This means that one should be able to measure strong EUV lines like O vi A1032 and Mg x À610 out to 4-8 R©, depending on the intensity of the feature and, for the resonantly scattered component, the flow velocity because of the sensitivity of this component to Doppler dimming. (See § V.) High spectral resolution observations which are necessary for line profile measurements require integration times approximately an order of magnitude longer, assuming that the points on the profile are measured simultaneously with an array detector. Hence, instruments such as one defined for flight on Spacelab Hudson et al. 1981) . H i Lya intensities and profiles have already been measured out to 3.5 Rq in the short observing time available on sounding rocket flights (Kohl et al. 1980; ). Consequently we expect that strong EUV coronal lines such as the lines mentioned above can be used as spectroscopic probes for the solar wind acceleration region. In § § IV-VI we discuss the types of information about the physical conditions in the corona that can be derived from measurements of the intensities and profiles of these lines.
IV. DETERMINATION OF KINETIC TEMPERATURES The shape of a spectral-line profile depends on the velocity distribution of the particles (ions, atoms, or electrons) emitting or scattering the radiation measured by the observer. In the simplest case the particles have a Maxwellian velocity distribution which can be characterized by a thermal temperature T t = a 2 m/2/c, where m is the mass of the particle and a is the most probable speed of the particles. In the solar wind acceleration region, the densities are sufficiently low so that thermalization times (cf. Spitzer 1962) can range from seconds to hours. For example, the electron-electron thermalization time in typical regions of the corona increases from about 2 s at r = 1.5 R 0 to 400 s at r = 5 R 0 • The protonproton thermalization times are much longer, approximately 70 s at 1.5 Rq, 400 s at r = 2 R Q , and 10 4 s at 5 Rq, while the electron-proton equilibrium times are even larger by another order of magnitude. Heavier ions also are expected to have long thermalization times. Thus coronal heating, acceleration, or transport processes that are mass or charge-to-mass dependent can produce differences in the thermal temperatures or nonMaxwellian velocity distributions among different species of particles. Conversely, measurements of spectral-line profiles can provide information on these mechanisms, particularly if measurements of a variety of spectral lines can be acquired.
Line broadening can also be produced by bulk motions in the coronal plasma ; broadening that may be independent of mass. Such plasma motions (caused, for example, by waves) that occur on spatial scales larger than the mean free paths of coronal ions, but smaller than the path length over which the spectral lines are formed, will produce nonthermal line broadening. Variations in mass flow velocities, when integrated along the line of sight, can also produce line broadening as well as Doppler shifts of the line profile. For example, in a radially expanding isothermal atmosphere, the observed profile of a spectral line will be broader than that from a stationary atmosphere due to the broadening caused by the line-of-sight components of the flow velocity which are directed toward the observer for the plasma on the observer's side of the plane of the solar disk and away from the observer on the other side of this plane.
A second paper (WKWM) describes how the electron and resonantly scattered components of the coronal hydrogen Lya radiation can be used to obtain information on the coronal electron and proton temperatures and velocity distributions. As indicated in § III above, a suitably designed UV coronagraph can be used to measure lines such as H i ¿1216 (both the electron and resonantly scattered components), N v ¿1238,0 vi ¿1032, Ne vin ¿770, Mg x ¿610, Si xn ¿499, as well as forbidden lines such as Fe xn ¿1242. With measurements of the profiles of lines such as these, one can acquire substantial information about mass dependent (or charge-to-mass dependent) and mass-independent particle velocity distributions in the solar wind acceleration region.
Empirical knowledge concerning the velocity distribution of particle species of different masses and chargeto-mass can provide critical constraints on physical processes responsible for plasma heating, solar wind acceleration, and transport of mass, momentum, and energy in the solar corona. For example, models for extended heating or momentum deposition by Alfvén waves make predictions concerning the magnitude and radial variation of rms mass-independent plasma velocities (cf. Hollweg 1978) ; predictions that can be tested by measuring line profiles of H i Lya and spectral lines from one or more heavier ions. Table 1 gives the full width at half-maximum (FWHM) of a number of spectral lines calculated for an isothermal, spherically symmetric corona with a temperature of 1.5 x 10 6 K and the radial density distribution given by Allen (1963) for the equatorial corona. Widths have been calculated for both radiatively and collisionally excited components. The radiatively excited (resonantly scattered) component is slightly narrower than the collisionally excited component due to the effects of the scattering process (see WKWM). As we saw in § II, it is possible to determine the relative contributions to the measured profile of the radiatively and collisionally excited components for many strong EUV coronal lines.
Also shown in Table 1 are the effects of introducing anonthermalmass-independent "turbulent" broadening of 30 km s _1 , a value comparable to that derived from measurements of spectral-line widths in the low corona (e.g., Feldman and Behring 1974; Moe and Nicolas 1977) . The width of the hydrogen Lyot line is affected very little by "turbulent" motions of this magnitude, while the lines of the heavier species are broadened significantly. This demonstrates one reason why it is highly desirable to measure the profiles of as many lines as possible so that one can separate out the effects of mass-dependent and mass-independent particle motions.
Given the magnitude of the widths presented in Table  1 , it is desirable to measure coronal-line widths with a spectral resolution A/AA > 10 4 . This can be achieved with an instrument (coronagraph plus spectrograph) 2.5 to 3.0 m long, an instrumental size compatible with sounding rocket or Space Shuttle payloads.
V. SOLAR WIND VELOCITIES
As discussed in WKWM, the intensity of the resonantly scattered component of a spectral line is affected by outward flow of the coronal plasma. The intensity of this component depends on the product J v (j)(v -v w ) integrated over frequency (see eq.
[2]), where J v is the mean intensity of the disk radiation, <f> is the normalized coronal scattering profile, and v w is the Doppler shift introduced by the solar wind. If the outflow velocities are sufficiently high that V w > (c/vo)Av 0 /2, where Av 0 is the Doppler width of the coronal line, then the intensity of the resonantly scattered radiation is decreased significantly due to the difference between the central frequencies of the coronal scattering profile and that of the radiation from the disk. This diminution of intensity is often called Doppler dimming (Hyder and Lites 1970; Beckers and Chipman 1974) . Measurements of the magnitude of Doppler dimming can provide information on bulk flow velocities.
Examples of Doppler dimming calculated for an isothermal corona with a temperature of 1.5 x 10 6 K are shown in Figure 2 . We see that the hydrogen Lya line is sensitive to flow velocities above about 80 km s -\ while the lines from the heavier ions are sensitive to velocities above 20-50 km s _1 , depending on the line. Since the magnitude of the Doppler dimming depends on the width A Vo of the scattering profile, a reliable determination of flow velocities through use of the Doppler dimming effect requires measurements of the coronal-line width. Doppler dimming also depends on the profile of the incoming radiation from lower in the atmosphere. The Doppler dimming curve for Si xii has a somewhat different shape than the others because the 2499 incoming radiation, which is of coronal origin, has a broader profile (as compared to the width of the scattering profile) than the other lines which are formed in the lower temperature chromosphere and transition region.
There are several ways of measuring Doppler dimming. One method, suggested by G. Noci (private communication) for hydrogen Lya, makes use of the ratio of the intensity of the resonantly scattered component of a spectral line such as O vi 21032 and the intensity of the electron-scattered white light continuum. The intensity of (5), we have used the relation
with N J equal to the number (cm -3 ) of ions in the ground level, Ni the number of ions, iV el the number of ions of the parent element summed over all stages of ionization, N p the number of protons, N 1 /N i = 1 for a low-density coronal plasma, A el = NJN p is the elemental abundance, Ri = Ni/N eh and N p /N e = 0.8 for a fully ionized plasma with 10 % helium. Now the intensity of the electron-scattered white light continuum is given by /wl = const x Hence, the ratio (6) » const x ¿ el <R,.><A(Kv)> • (7) ^ WL Measurements of the ratio / r //wL as a function of radius can be used to determine the amount of Doppler dimming and, hence, the bulk outflow velocity of the observed ion.
Estimates of outflow velocities can be obtained by assuming (1) that the ionization balance term R t is constant (which occurs if the corona is isothermal or the ionization balance is "frozen in") over the observed range of heights, and (2) that the elemental abundances are constant. In this case, application of equation (7) to measurements acquired at several heights will provide relative outflow velocities. As can be seen from Figure 2 , spectral lines of different ions can have different sensitivities to outflow velocities. Thus, the mere presence of the resonantly scattered component of O vi 21032, for example, would indicate outflow velocities smaller than 100 km s _1 in the observed region. A more definitive analysis requires a self-consistent model of the observed region. If one has determined electron temperatures T e from the profile of the electronscattered component of hydrogen Lya (see WKWM) and also electron densities N e from the intensity of the white light continuum (see van de Hulst 1950) or intensity of the electron-scattered component of hydrogen Lya (see WKWM), then one can calculate the ionization equilibrium terms Ri (see Bame et al. 1974 ) for solar wind velocities V w . An additional constraint is that the outward particle flux must be conserved. Thus one can iterate on the initial determination of V w , where was assumed to be constant, and thereby obtain a selfconsistent solution for F w . Use of spectral lines from ions of different masses, including hydrogen for which A cl -1, as well as the information provided by intensities of resonance doublets of Li-like and Na-like ions (discussed below) provide additional constraints.
A second method of deriving Doppler dimming information makes use of the intensity of the electronscattered component of hydrogen Lya. Since the intensity of this component of Lya depends upon J N e dx, the ratio of the intensity of the resonantly scattered component of a given line I r to the electron-scattered component of Lya behaves in the same fashion as J r //wL discussed above. The advantage of this method is that the same ultraviolet instrument can be used to measure both the resonantly scattered spectral lines and the electronscattered component of H i Lya. It has the disadvantage that the electron-scattered component of Lya is weak and only can be measured at a spatial resolution of a few arcminutes with conventionally sized instruments.
A third method of determining Doppler dimming utilizes measurements of the line ratio of the resonance doublet of coronal Li-like and Na-like ions. In § II we saw that the collisionally and radiatively excited (resonantly scattered) components of these lines can be distinguished using the intensity ratio of the doublet. Since the intensity of the collisional component varies as (cf. Withbroe 1970)
we have, from equations (5) and (8),
which is independent of both T el and <Ri). If one has determined N e from the intensity of the electron-scattered white light continuum or hydrogen Lya intensities, one can then determine the Doppler dimming from the ratio of the radiatively and collisionally excited components. Through comparison of the results obtained from the ratio I r /I c and those obtained from / r //wL (method 1 above), one can obtain constraints on abundance variations (assuming the ionization equilibrium is calculated as discussed earlier).
To illustrate the effects of Doppler dimming, we have plotted in Figure 3 Doppler dimming predicted for this coronal hole is large due to the high solar wind outflow velocities. Many features, such as streamers and coronal holes with less rapidly diverging geometry, are expected to have much lower velocities and, hence, less severe Doppler dimming. The dotted line gives the predicted intensity of the collisional component of O vi ¿1032 which is of very low intensity because of the low density in the coronal hole. In the calculations we assumed Ri was constant, independent of r. The Munro-Mariska model for a polar coronal hole is an improved version of the MunroJackson (1977) model and is based on electron densities derived from white light measurements from the HAG white light coronagraph on Skylab and a ground-based instrument which made measurements at the 1973 solar eclipse. The solar wind velocities in the Munro-Mariska model are based on the assumption that the outward mass flux in the 1973 polar coronal hole is identical to that in typical high-speed solar wind streams observed near the ecliptic. The assumed velocity distribution is plotted in Figure 3 .
As might be expected, these results indicate that measurements of Doppler dimming provide a sensitive determination of the magnitude and location of solar wind acceleration near the Sun. Observations of a group of several ions of different mass provide a sensitivity to a broad range of outflows. In particular, measurements of lines from heavier ions such as O vi and Mg x exhibit significant Doppler dimming for low-velocity outflows and thus can be used to locate sources of low-speed solar wind. Given the fact that the only well-identified sources of solar wind from the Sun are coronal holes, the development of a technique for identifying other possible sources of solar wind is important. Observations of Doppler dimming can provide a means of determining the outward mass flux as a function of solar latitude, including the polar regions for which presently available information is more limited than for equatorial regions whose mass outflows have been extensively sampled using in situ measurements by spacecraft. A comparison of outflow velocities and particle fluxes measured spectroscopically in the solar wind acceleration region with parameters measured in situ by spacecraft at large distances from the Sun is highly desirable.
VI. CHEMICAL ABUNDANCES
Determinations of chemical abundances based on in situ measurements made in the solar wind indicate that the abundances of elements such as helium, oxygen, iron, and silicon are extremely variable in the solar wind by more than a factor of 4 (see review by Hirshberg 1975). Thus far, similar variations have not been found from spectroscopic observations of the chromosphericcoronal transition region and low corona. One of the difficulties in interpretation of spectroscopic observations has been the lack of simultaneous measurements of spectral features required to determine accurately both ion and electron densities. The latter are required to determine the hydrogen number density N H = N p + N h ! ~ 0.8 N e in the transition region and corona. Generally, methods for determining electron densities in the transition region and low corona are not sufficiently accurate to provide reliable absolute abundances A el = N e i/N H . In coronal regions where resonantly scattered radiation can be observed, measurements of spectral-line intensities can be used to determine absolute chemical abundances. The ratio of the resonantly scattered component of a spectral line I r (À) to that of H i Lya is given by iM) I r (Xl2l6) = const x RiDi(V w ) RmDmiV'nY (10) where the constant depends on the relative intensities of the disk components of the two lines, their oscillator strengths, etc. The Doppler dimming terms can be evaluated as described in § V, using method three for to separate velocity and abundance effects. The electron temperature can be measured using the profile of the electron-scattered component of the H i Lya, and the ionization balance terms R can be calculated as discussed in § V. Hence, the chemical abundance A el can be determined. To obtain the highest accuracy, observations of several ions of an element should be measured. It is important to note that through use of Doppler dimming techniques that are independent of A el (e.g., Doppler dimming determined for H i Lya where A el = 1, and Doppler dimming determined by the third method described in § V above) and the requirement that the outward particle flux must be independent of height, one has sufficient constraints on the problem to separate out the effects of Doppler dimming and radial variations in abundances. Abundances derived from intensities of resonantly scattered components of spectral lines depend on the ratios I r (À)/I disk (À) and / r (21216)// disk (A1216) (see eq.
[10]). Consequently, if the same instrument is used to measure the coronal and disk intensities, the derived abundance is essentially independent of the absolute photometric calibration of the instrument.
VII. SUMMARY The present paper and WKWM have described powerful new diagnostic techniques that can be used to probe the physical conditions in the solar wind acceleration region. Through measurements of the intensities and profiles of EUV spectral lines one can acquire information on electron, proton, and ion temperatures and velocity distributions; electron, H i, and ion densities ; mass flow and nonthermal velocities ; and chemical abundances. The acquisition of this type of information will provide critical empirical constraints on physical processes responsible for plasma heating, solar wind acceleration, and transport of mass, momentum, and energy in the solar corona, as well as providing constraints on theoretical models for solar and stellar coronae and mass loss. 
